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1 ENHANCED ENERGY PRODUCTION SYSTEM Field of the Invention.
The present invention relates to energy production and in particular to a
system for increasing the yield of an existing energy production system
which 5 provides a non-polluting source of energy from water in the form
of hydrogen and heat. Background,Art. A variety of energy sources are
presently available, such as nuclear, solar, hydroelectric, geothermal,

wind and tigakppyvertiswRvardY fatdeuRepich) §odMan and

convenient sources of eneigé/ at present are those based on the
combustion of carbonaceSIRbH I8 VEBF8Rample, coal, gas, coke,

wood, petrpleuissentisiesabnByRecessityr whao aueh £araan artoa

roducts burn they produce oxides of carbon, most notably CO2. CO2

SYSITHS BB RSO 38 GreBhiiitineg S8%RY PRdudPK stirm swhich
proPI@9Gohains I findussithe devabahsaehomah ey se: 0ases A wdsatahy

minimise the extent of global warming and its consequences. The use of
E’af—'|ydrogen as a fuel therefore represents an attractive alternative. Fuel
cells convert hydrogen diredycitiectiegtiesl energy by reactions 20

which involve the reforming of hydrogen rich organic compounds (such as
methane AndTHETHOT Bk BIr bR TIA YR ARGy AREq & mucless,

solieniperatlvesiangebidikesl Fudhdcald dierajeoy:tidaitact conversing afost
chemical energ in at_;uel to ele?trical enengy witrrlﬁut anér#er ediate
O lor | PR AR Yo Bs SHETRE flinRIeT e Rie gRREFatBFGotholRe

cobsass ehenfypprosustioo drd. dferpaisarity makea sighifican® petroleum

ntribution to pawer generation.,However, these fuel cells suffer, from th
an g R e R R e B B0 T
of yuttem using neibimEDprganics as their hydrogen source. On the earth,

form such SO HaRer B L A o L A AT 3t er e
propwocluging &l embwta iy trog e, sk [gienslrp congides aticis! Gmsishu adiyimise
thege%%] I%r}?% Cl&%‘f%?‘a%%gl Qnt@&l@g]%r&}%xc&gre hydrogen is usually made

The use of Hydrogen as a fuel therefore represents an atfractive
alternative,

Fuel cells convert hydrogen directly into electrical energy by reactions
which involve the reforming of hydrogen rich organic compounds (such as methane
and methanol) by means of steam, catalysis, elevated temperatures and the like. Fuel
cells operate by the direct conversion of chemical energy in a fuel to electrical energy
without an intermediate combustion change. They represent the principal next
generation source of mass energy production and are poised to make a significant
contribution to power generation. However, these fuel cells suffer from the
disadvantage that they all produce oxides of carbon, such as CO or CO,, when using
reformed organics as their hydrogen source.

On the earth, free or uncombined hydrogen is rare. It is commonly
found in a combined form such as water, hydrocarbons and all plant and animal
matter. In producing elemental hydrogen, the primary considerations are usually cost
and convenience. In the laboratory, pure hydrogen is usually made by the reaction of a

suitable metal with a displacement acid or by the electrolysis of water. For

commercial hydrogen, the primary sources are water and hydrocarbons. These
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suitable metal with a displacement acid or by the electrolysis of water. For

commercial hydrogen, the primary sources are water and hydrocarbons.

These 2 endothermic processes require energy. Molecular hydrogen is

an important source of energy, as evidenced by the endothermic nature

of its production. Its internal energy can be released either by combustion

or by reaction with oxygen in a fuel cell. 5 However, the combustion of
eriipdirotyeis grasdlisettisapisdweesyno oxides of carbon - clean combustion

produces t%ﬁ@&%ﬂ%?@%%rﬁogg?ﬁa%g@&ﬁ L%Ct%%h(l)(%_ean%%b re]lso?videnced by

dehydrogenation process ove for the produ

thiendetharmporaten e predsytioro dircistorhid remrgy benimvaltedd cither by
- odrBGURNSIE BYQIMAR: RNIERy WRIE ISHselyl, but dehydrogenation of

>

organic 10 compounds produces carbon dioxide, a global warming gas.

These procéiBegvarsdheeguirsdimsiidiabiesenaasydmpit fmmiestentabxides
oSOHERS. AMRERISANENEERMAdRIG RIOAHCERHFEIRIRGUIar hydrogen

by self sustaining exothermic reactions. Conventional hydrogen

generators RS daeeFpg mrduleBydragsmetion PuGS0sEaNNRsf@bry ehior the
profeiion Ametaldysndesyith waletand A3 e dseiaxtiidede unwanted

electropositive metal anodes which gradually dissolve in the electrolytes,

EleeBrovitie BIedishs 1SV HReIEE atsintieiabinte dehdinasmeiiose of organic
cc'bﬂ@@{ﬂﬁ@}Sﬁﬁiﬁ%%hl|H%@@ﬁ§ﬁ@%aﬁéﬁair%§ﬁﬁ1gh§?§ogﬁ@s9r ceds aiso

are regarded as waste, with problems associated with their collection and

TG SRS B TBR IS M Lo 84S BRIF6R water according to the
following halkealbernatiop:2HREXE 38 pibk Hit2 Eﬁi&&%@ﬂg&?@gﬁ%y'sdf

any electroppsitive system with an E. value greater than 0.828 V can )
ARG PREERRS h AR GEHOR RS s e R fspdRsthRed in
U285 systemsovithiss, veduasi ablveiB2 gMingludehysdridasidar wxarapler and

2H- -+ H2 + 2e E=2.23 V Although reactions of metals to produce ,
g T o e o A Y

electrolytes, to provide electrons for discharge at inert cathodes.

In all of these instances the resulting compounds apart from the
hydrogen produced, are regarded as waste, with problems associated with their
collection and disposal.

Pure hydrogen can be liberated from water according to the following
half celi equation:

2H,0+2e —# 20H-+H, E%=-0.828V.

In theory, any electropositive system with an E, value greater than
0.828 V can react with water to produce hydrogen. Examples of such electropositive
systems with B, values above 0.828 V include hydrides, for example:

2H- ¥ H, + 2¢” E°=2.23V

Although reactions of metals to produce hydrogen such as that given

by:

Al +H,0 + NaOH ~—# NaAlO;+ 112 H,
are chemically feasible, they are kinetically very slow and the hydrogen is produced at
a slow rate over a long period. This "trickle" of hydrogen is unsatisfactory for
commercial use.

It is desirable therefore to maximise not only the amount of hydrogen
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30 are chemically feasible, they are kinetically very slow and the hydrogen
is produced at a slow rate over a long period. This "trickle" of hydrogen is
unsatisfactory for commercial use. It is desirable therefore to maximise
not only the amount of hydrogen 3 produced by a cell, but also the rate of
hydrogen production. More recent inyentions in the field disclose
generators for the production of hydrogen from methanol (U. S. Patent
RAEai QR a0 RB8% 14L)ot | %é‘ roduct of the said
P reactioab%iiacarbon monoxide Whicﬂr? cl}fs.’r%ﬁféo%% %ﬁ?g' the catalyst, causing
"catalyst potdeHingecaihidRvieraesto hetbetdfddatibisebfsthezezatatytic for the
pibiichion ot i cipcl adh aiaiPean MG, )6 SRe Ay cHiensY)

of the system. In order to minimise this problem, such générators rhust ="

Hpgesgsariy-peodghniias st wieies fsrombasurivaptidecathonimaioridé by

theonsehiratiansindne MsieMp A NEl asmeans.fordecigasing it 10. The .,
caommercially useable hydrogen being produced as late as zugusat %(ﬁ

CalRIE SRRl FIRTISRS cHBRe FpsPaResloNeriy B0 shirarelfeieisy of
thehipired By sleanreiammaioma ﬁ%mﬁﬁlpﬁﬁlﬁﬁlg&l&a%rs%ﬂéicﬁék%gs%zy be

coal and, electrolysis of water are the other industrial methods or
GRS PRI MRS It R GReRSE e Hgation in he system

asenelgy-intensive @pekagtakays environmentally 15 friendly due mainly
to the prodygtion of either CO2 or CO as a product. The steam-iron

process is on& SPTHE BB WspY 6t Brdmecmiemporerniveron Jaistearugust

2 0ain {43) tevkighe exhydeagRvsIRF B0t RUM2A(0)4EFeRQ33 bﬁ")%"@'(%rdg%en is
Note that the reaction betweeg1 iro&gpnd steam is reversible. Althou

h
oRREG Y, B, T U AN S0 AR G HbrALIES §8tn (HBSESgHBRE SRl and
eledtuéwitonprediscingehyitrogermwiiiiaskigh ety dtheostenmosir i on,

natural gas or partial oxidation of heavy oils outweighed it. The interest in
o e SReFa oAU o 1 o ementlly

frivpdrpgen tiwdi25ocan hedroducedditithiCooeess) whishdarspecially
important folcﬂtgesye%lenglwgdr(r)&%rsls in fuel cellf aqnd a{ o due to the i
possibility to Use renewable enargy ‘sodftetofthid g?ﬁti:e‘g@’s of producing
hydrogen.

wron + steam @ A= iron(IH) oxide + hydrogen.

Few + 3Oy T  Felyy + 3Hy
Note that the reaction between iron and steam is reversible.

Although it was considered to be an important option, also from the
economic point of view for producing hydrogen with a high purity, the steam
reforming of natural gas or partial oxidation of heavy oils outweighed it. The interest
in the steam-iron process has recently grown due to the relatively clean hydrogen that
can be produced in this process, which is especially important for the use of hydrogen
in fuel cells and also due to the possibility to use renewable energy sources for this
process,

One prior art system utilising the steam-iron process is directed to a

repetitive cycle process in which the relevant reaction pathways are:

"

3Fegy + 4HaOg FesOuey +  4Hyy,

=
M
3Fe0 + HoOy h> Fe304@;) +  Hyy
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One prior art system utilising the steam-iron process is directed to a
repetitive cycle process in which the relevant reaction pathways are: 30
3Fe(s) + 4H20(g) V_ Fe304(s) + 4H2(g) 3FeO + H20(g) V" " Fe304(s) +
H2(g) 4 Natural gas or other gaseous reducing species can remove
oxygen from the higher oxidation statg such as Fe203 (hematite) or
Fe304 (magnetite) forming a stream of carbon oxides, water and

unconvertedNayged cashansht epesalingdoonditipasi anchihereaetordesignm

are appropriately selected, only.carban dioxid ané;l water ar cguced
o R S e T L RIS S e e aet) o o
stbwe2 031+ 3Mbld Skales30@Rr &1d 2tnobreddl+ GidbearbdheO ¥ CP2rating

21120 Fe304.+ CH4 3Fe + CO2 + 21120 Condensing water leaves.a
o e e e e Bt O o o g and
whisr systendare! trepdifferértovagenantbEs regeneration vessels must

be used to maximise the purity of the hydrogen removed and that carbon

dioxide is*SfrProducédiour prévious FEEem WadSPmethod ieC

generating}-‘l’ncggrog_gn g&gﬁ)r 15 gnérgy fg%‘ﬁ awg_:h?g%%alt_r%gac&&gﬁncluding
ction u

the steps of : sélecting an electronegative half cell re producing

hydrogengssjiegting aagiectropmﬁive haif-gell reaction havinggacsufficient
potential to drive said electronegatiye half cell reaction; selecting a
second eledegpositivelialf cell reattion;Haid firstEnd secofd;0

&lasuoposive half gell reaglionsselegtaddn combination with said g The
dlectioneyative halt cellr action to 20 produce an increase In y(S:irogen
casrdfomeges gy dis ctistetrorre Wtied Bergrd orprisitoingnd did tegthesdtion vessels

HfREoNR. S axAIRm JRIBAR Bhiabie selpclon Al all oel (BARIPAxide

_chemical concentrations, herent interactions produce
iaphfaxiedatedy 67 litres of hydrogen at STP from 54g of reactant and | litre

of water. As @@yf)pé%gt, %@eﬁy,%tag M, RERERE (;lfdﬁll @&Eﬁ%&% r@&&foﬁgﬁaﬁﬁd/or

25 The transport’and storage of energy and fuel are also

govoBlefinmice cirmisndsetimsiariipolhe skwichy resiasing soeshenggative
Hessesh abeneiyWhsb & alecticivis fianamilecioystiondidistanr esiction
Large infrastructure inveéstments are also
having a sufficient potential to drive said electronegative half cell reaction; selecting a
second electropositive half cell reaction; said first and second electropositive half cell
reactions selected in combination with said electronegative half cell reaction to
produce an increase in hydrogen and/or energy production from water; and combining
said half cell reactions. This system, through a suitable selection of half-cell reactions,
chemical concentrations, and inherent interactions produced approximately 67 litres of
hydrogen at STP from 54g of reactant and 1 lifre of water. As a by-product, the
system produced a high amount of steam.

The transport and storage of energy and fuel are aiso often probiematic.
The direct transference of electricity results in substantial losses of energy when the
electricity is transmitted over long distances. Large infrastructure investments are also
required for electricity transmittal over long distances which require the use of high
tension wires and towers and booster and substation arrays to ensure delivery of
adequate power to the consumer.

The transmission of gaseous fuels, such as natural gas, also requires

substantial infrastructure to ensure adequate pressure and supply to consumers. Single
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required for electricity transmittal over long distances which require the
use of high tension wires and towers and booster and substation arrays to
ensure delivery of 30 adequate power to the consumer. The transmission
of gaseous fuels, such as natural gas, also requires substantial
infrastructure to ensure adequate pressure and supply to consumers.
Single 5 use and rechargeable cylinders are practicable in some cases

nsd %@Y@&ﬁ%‘éﬁﬁﬁ%@ﬁiﬁ@rs%@%@éﬁ%@ﬂlQXﬁanlggsaM%{t%R}gnrﬁgﬁ&%old size

reqular replacement. It will be clearly understood that, it a prior art
cyBuiare e R uboatad 8gato HerEfinsisaRtlvaTpiaesReThot constitute an

admission tha}hePeRigtiRRRrNIRE, & prtlt?@r mm&%ﬂqge&ﬂed 1o

knowledge in the art in Australia or in any other country. Summary of the

heypie MBS CRRRIBF IRV RMTSTTS anedmissipnihehhewddiestioryforms part
of BEeduS1iAnn Sysiea hinbinaY aldeastpatialyi¥eicamealdeastare of

the abovementioned disadvantages or provide the consumer with a
useful or commercial chBEEBMASY P bHe B miknvention resides in an

enhanced eres gy qaetlustionicsy stedirbavingahe sep:ptdntdusing sieain

at elev te% temperature and zﬁgositive pressure into an enhanced |
SYRER O et & JOFORFBI A6 EXRS EctFas (RESr8hAib A8y LsBppigned
dithevatdiroobibel séanainlises hytteationsystems e Rasior to

increase th%numbfr of ﬂigsociated H2Q molecules at or near a reactive

or catalytic "3 PBIFtTHtHY FEXERSI T AR iy e FEHEGT b FOSRC R pfation
sygasehusify dhegeepbyithersdduisiiostcatvatelcbytelepiippanity adipl-pedtive

reactions involving two or more electropositive redox systems. Th
DI T P SRR SoetOh, WSRO B B IS A Tepctor

- sypamtlUge thy-priilimisofhichsarenvatualdé iathendhian bamsifil @r thisetessorGo

. The inyention may use the st roduced as a by-product ofamethéi .
gt e D A e e
pdineistépsredctselecting an electronegative half cell reaction producing

et PO s S o s R BB R Ak Sotuction
ofseitetiny slsvoondsiiecthefesitivedetiémelhredetigniab saithfir s ampositive
S ol g sasion WS CAIPNL, o
desivalpdy to produ?ce by-products which are Vah?able rather than harmful or)(:tselgss.

The invention may use the steam produced as a by-product of a2 method
for generating hydrogen and/or energy from a chemical reaction including the steps of;
selecting an electronegaiive half cell reaction producing hydrogen; selecting a first
electropositive half cell reaction having a sufficient potential io drive said
electronegative half cell reaction; selecting a second electropositive half cell reaction;
said first and second electroposifive half cell reactions selected in combination with
said elecironegative half celi reaction to produce an increase in hydrogen and/or
energy production from water; and combining said half cell reactions. However,
steam from any source may be used.

In eanother form, the invention resides in an enhanced energy
production system having the step of introducing steam at elevated temperature and a
positive pressure into an enhanced reactor, affecfing molecular oscillations of H,O

molecules using an energy source wherein a portion of the energy added to the reactor

system by the energy source is used by reaction systems in the reactor to increase the
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energy production from water; and combining said half cell reactions.
However, steam from any source maybe used. In another form, the
invention resides in an enhanced energy 30 production system having the
step of introducing steam at elevated temperature and a positive pressure
into an enhanced reactor, affecting mplecular oscillations of H20
molecules using an energy source wherein a portion of the energy added
ndghte EFRGIRbeRMSENL OYMBRENSIOY SPUER IS HEBGRYFeAGHARSYIRMNS e
the reactor to increase the 6 number of dissociated H20O molecules at or
IHEFa reactive or catalytic point in the reactor. Typically the reactive or

catalytic pointindiie ibactacinayheatraachve Of GAIMICSUHRAEB reactive
OEorti n.thereof 5 The ener. g%%ource used to affect the molecular

ISFUASS BP9 IBERE: but preferred sources a renewable

energy sourtis suelas salanenienyy ecimicy awialenSfeN1 065688y be any
These energy. sources may be use%'n addition to or alte nativeell_ly to usin

SOHES Stcitn REREEIRY TRE SHnAACRT RS SP HEA BRSO ASe 59k SRerey or
néahansedaeagtosoithe pissatdnuantionumay aiso irclugd an 1Adéhatian or
stem. The reaction system may ipclude one.or more half cell reactions.

I AR oy B e Lt e o B e
from the_ reéﬁibmslﬂismc!ss&uﬁabmfe thithprefenenoectdithe methadofanciude a
T %ggéastg%gerﬁy dfg e@avyigilc Q él%dﬁl%%dms ik &-?ﬁ’d% %dﬁCt'ell reactions. The
ombinations of electronegative half cell reactions and electropositive
hhlfoedll] reationsmaypbdheseand hes reaviion 8ystermbrdipldcilrast fom the
reactions may requli g i ision of iveor .
R e R B AR e vt
predictioh gtinvae ittplodvet. M@ﬁien@@@lmmmm@%a@mmmm
AHNESEAGHONIR, QUBHE BLIAIOMGS,ACHNRIRN SOLTG. JIASGEE TOGHAN Bfhair con
collisions or interactions may occur and be effective at a given
T¢aptipesAEronpre s5 breasthischbaithsdrendaan @ f e deadiy eate Chidfbiapiyiace.
(o} t the (gaallall :
R o S g Jover
agtivrinreenesgictok g she s st alivhetheimagicade esets ehalp prasferapiion
d hﬁ&g QIEENBAECONSIAN: Q1tae RIdRICAbIGHESARIRN SYSIEOLIRENL IR o
een

hanced reactor. It may also be that by the addition of steam at
SV lEHREpEr QtupEIsSure. This may mcrease the reaction rate. Preferably, the

enhanced reactor may affect the rate determining step of the reaction system. The

reaction kinetics of the reaction system in the enhanced reactor may be affected. The
enhanced reactor may preferably affect either the rate constant or the order of the
reaction system resent in the enhanced reactor.

It may also be that by the addition of steam at elevated temperatures
and positive pressures, the environment within the enhanced reactor may be made
more conducive to the production of hydrogen. The increased temperature caused by
the steam rmay increase the rate of at least some of the reactions in the system within
the reactor.

in certain preferred embodiments of the present mvention, it may be
possible to select the half cell reactions such that the sum of the value of residual
materials in the hydrogen cell at the endpoint of the reaction is greater than that of the
sum of reactants introduced into the cell.

Preferably, the reaction system is an inorganic chemical system.
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25 and positive pressures, the environment within the enhanced reactor
may be made more conducive to the production of hydrogen. The
increased temperature caused by the steam may increase the rate of at
least some of the reactions in the system within the reactor. In certain
preferred embodiments of the present invention, it may be 30 possible to
select the half cell reactions such that the sum of the value of residual

materials inghadaslsoarh sethal Yie-easnainiohiie teartionds si8aleb drive

than that of the sum of reactants introduced into the cell. Preferably, the

DSl EABAREs R EAFThERFAIOR chemical system. 7 Preferably, the

second elechigpesiivediaiiseth reastionicds alski@dive «lbaelecitorenativer
half cell reaction. The chemical system may include additional

reé‘%ﬁ?&positive half cell reactions. 5 Preferably, one of the electronegative
half cell reagtiehslsy, 2h20fthReledrattati vih /B eftradaby: @Rrasof the

electropositive half cell regctiQns.s: Mg ]él t++ 2e". Preferably, one
of the electropositive hal?fc%ﬁ%a%%ions %O 0 AP+ 40H — A 03-+2H20 +

3e". Preferabiyictiablelectrof tisitblechalcéliivehdieal isyaivadie oxidation
of species selected from Gr log %{QMQB metals, binary hydrides,
ternary hydrides, amphoteric €lemen §, elecffr'opositive elements in
groups one Bredetald o btieecp driodis ttapdei andehbtatbd: 4rdinsition

elements, oxyacids of ﬂgmma}%%@ggs%qesulfur. 15 In general,

the reductant can be any system having an E. value ‘'greater than +0.83 V
when a redisedntasiyvrite nlerirtipedsiyhaatf sideroidherhatfvedicdhaatiatetion

o e e e,
awjthoderiarvishisrssiccldempnsitivinghoent R0sunseons préfemedfitetrsiodic
tﬂ%@ﬂ&%&l&l&%&%%ﬂ%n&%‘é&%&%%ﬁ AR 15, PATICUIRTNE sulfur,
preferred. Iron may also be used. Preferably, the reductant in‘the first
electropositiie grafreklfis reductant can be any system having an E, value greater
than +0.83 V when a reductant is written on the left hand side of the half-cell equation
is according to the Latimer convention.

In highly preferred combinations, the half cell reductant is a binary
and/or ternary hydride, in combination with an amphoteric element. Amphoteric
elements preferred inciude aluminium, zinc, chromium, gallium and tin. Aluminium is
particularly preferred. Iron may also be used.

Preferably, the reductant in the first electropositive half cell is
hypophosphorous acid or dithionite,

The reductant in the first electropositive half cell reaction may aiso be a
metal organic complex capable of changing configuration to release one or more
electrons in a realisation of an increased co-ordination number.

As stated above, the reaction system or half cell reactions in the
enhanced reactor may require or be assisted by the provision of a reactive or catalytic
surface. The reactive or catalyiic surface may be or include a half-cell reductant, The
reductant may be capabie of partial or total regeneration.

In a most preferably embodiment, the reductant may form a further
reactive or catalytic reagent, allowing or facilitating further reactions to take place.

Suitably, the reductant may form a semiconductive material or molecule. Most
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hypophosphorous acid or dithionite. The reductant in the first
electropositive half cell reaction may also be a 25 metal organic complex
capable of changing configuration to release one or more electrons in a
realisation of an increased co-ordination number. As stated above, the
reaction system or half cell reactions jn the enhanced reactor may require
or be assisted by the provision of a reactive or catalytic surface. The

peastive of catalviniskiiacs Manbe weinside adall-gellreductant, The; onr

30 reductant may be capable of partial or total regeneration. Inamost =~ °
opferet By cEED dapREh Estiel FHifGc R Ty aBien Strarthee RBRGHTE @ periodic
pealahdicireageatiowing:grfacilitating futherreagiionsdo dakeplactnductor

Suitably, the reductant may form a semiconductive material or molecule.
INAESHAE SRS RS BISKATE BEHi CORERASFRS/SEal may be formed. Such a crystal

may be a highly Rderash Strugivireknown as alattigr SUEhMRBIGR material

structure may yield a periodic” potential throughout the material. There

TP IS FABRE TR eh &S SRS TR RS R Bris i ERE Maisaial may
G@pitarcediracioicfohberegidctiginatdnersaduetans i o Wikher exothermic

semiconductive materjal may.preferably enhance the hydrogen

TRRGRRRSIAH SRS e mittTRAOBMRARETRPHTEY BARR QT REPesRdiGioen @
Hrile enbansend aastos nS k) hefprtseraxathesmic Jeaeiions. are
catalysed. The semiconductor material may be or beé) Od'l'g%? from a

metal. One orMGTRTHEERR MY SIBE AN S8 TiIMHE ONRASTERFFeRR Qhfects:
TiksEhefeactanmayrdlsmexperienteaneoranate lpcalised hemtiogoeffatts. is
These effects may arise as the tempefjature at the point of a reaction, that.
SR i Mt e S e R
thers otutiohrathensonnsidergdedavainBoro st o fictevrekdthios dkaufarthie point
reaction occurs at the point of reagction while the, temperature is still ver
SRS B et A bt T R S e o the
thetlevatke temiper abur dodhtwepaint iTihpsemicehthegtommaterial may

possess eneyqy bands cansising9fa %?fgﬁ%é@é@%’ﬁ%@%%ﬁﬁé %ﬁé‘&?&g ofa

energy levels. The energy levels'in a se uctor af€ genera
greupecinhandessbpsyatet dngrardeyylbahtegepseT ey He havicampfonductor

2rgum Lpumm bmlen sl bnds el sl o
gresenceaiofhthéoperisdiptiom of such a band is typically similar to that of a free
electron. However, the elecirons may be affected by the presence of the periodic
potential of the semiconductor material.

The reactive properties of a semiconductor are usually dominated by
the highest partially empty band and the lowest partially filled band. Consideration of
these bands only leads to a simplified energy band diagram for semiconductors as
illustrated in Figure 1.

The almost full band meay be called the valence band since it is
occupied by valence electrons. The almost empty band can be termed the conduction
band, as elecirons may be free to move i this band and contribute to the conduction
and reactivity of the material.

The simplified energy band diagram in Figure 1 is used to describe
semiconductors. Shown are the valence and conduction bands as indicated by the
valence band edge, E,, and the conduction band edge, E,. The vacuum level, Evacunm,

and the electron affinity, ¥, are also indicated in the fipure.



10

15

25

30

potential of the semiconductor material. The reactive properties of a
semiconductor are usually dominated by the highest partially empty band
and the lowest partially filled band. Consideration of these bands only
leads to a simplified energy band diagram for semiconductors as 25
illustrated in Figure 1. The almost fulgpband may be called the valence
band since it is occupied by valence electrons. The almost empty band

can be terneghihe congiiciiorthbahd pascaigciredadnajoheirgietto miosezimtal
.this.band and contribyte to the canductign and.reactivity of the .material
A A gt e e T s R
Saeihitpnitddcterst Shoulzareite valadtaEdbeariductonbandbiagicd Z,. The
indicated, by the. valence ban v. and the conductio n e
R LT Eoaeat. Svg T e R Ry

evel, cvacuum, an e électron
eirtigaledThetiistigureb @viiguite Tidentfies brendlndgsi-Bmpty conduatiyrof 2

ban a harizontal line isidine.indi t e of th -
B R L i S e S puaed
bistindibatech bffaripnrizoniédblné wHbetleddtcticshargy dand gap is

located betwien e byoines Y BiEN AlEERRRIES e pARIBNS ac he

energy E. The distance between the conduction band edge, Ec, and the

tamengiuos & freccetedtrohivbstivieaiie BEsRE i Lisvieeduiihdeyonsiders
tﬂt%g @.éli:e %EYQSHH@ gég%‘x‘%%'&@%ep W@neéﬁgt ﬁtﬂ@g%fxﬂ'i@ Lﬂﬂﬂﬂﬁd %mtions

ectronic char . The energy bandgap of semiconductors tends to

imhseresstnadoties Terrpardilicemslinereased IPHE BeNaYS sicrTai Besalapced
rHpdsrstand ifi‘é‘é“%%‘?f&%?ﬁn&@ﬁi@&%@ IN{eraOmNG SRACINGIACTGa8OS:  the

when the amplitude of atomic vibrations increases due to the

sieiesasadten Sntaressig P ReRSER:, using steam in the enhanced

reactor with f{s gouesRARGIRBINGHRAsE P IempetaterMayiaciaiatieclose

semiconductor by decreasing, the bandgap. In a semiconductor, the .
cooHEBIclyeEe B SRRy LR o 5B BB Wik bhghes bigher
HaR hangddhat elsstionscanenake iintedwe aexidighss thandnincthtribute

almost empty band, electrons are free to move in this band and ‘fontribute

R EABHAHERGH Bremeikte Ao A5dta s fAHRv Bt R PHEFHE material.
By narrowingsihg ereiiy: ienegapyusingsiearing thaennancesheeaetdreactor

with its corresponding increase in temperature, this may increase reactivity of the
semiconducter by decreasing the bandgap and allowing the movement of electrons
between the conduction band and the valence band. Partially filled bands do contain
electrons as well as available energy levels at siightly higher energies.

The temperature dependence of the emergy bandgap, E;, has been
experimentally determined yielding the following expression for £, as a function of

the temperature, I:

i
gD =E, O -7
where Eg(0), o and § are the fitting parameters.
The surfaces and interfaces of semiconductors may therefore typicaily
contain a large number of combination centers because of the abrupt termination of
the senticonductor crystal, which leaves a large number of electrically active dangling

bonds. In addition, the surfaces and interfaces are more likely to contain impurities
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with its corresponding increase in temperature, this may increase
reactivity of the 20 semiconductor by decreasing the bandgap and
allowing the movement of electrons between the conduction band and the
valence band. Partially filled bands do contain electrons as well as
available energy levels at slightly higher energies. The temperature

- dependence of the energy bandgap, Eg, has been experimentally

sifesefilpinact yiglghs gdthﬁ;faignme gdexfuie FaIo06E RS RS URGHAN Bby2 Rurther
the te erature T. }gél@ T where Eg(O), a and 0 are the fitting
Ingroash %F%aGFﬁ’é‘%ﬁ ihterfaces of semiconductors may therefore

typically 30reeniaibig taeg@mwn)b@mememﬁww@w@menﬁrbe%ua@a@ﬁm%r
tter |nat|0 |co tor crystal, which leayves a large
caﬁ% Cesfu(% efet gfly'gﬂ%gle @ Ienlé POraa TR St Oﬁﬁ‘?@f@?é}h@e
(Oﬁlemmtmﬂgmlytmmmngmﬁeﬁé@uﬁmﬁe they are exposed
during the d V|ced1ﬂ[_lbr| atlon ar%cel'ssw furtg increase .
reactivity of t &rial. Pr era%lfy, p(rwe{ct%% iRy Be ?a\Wl‘?SCn
indtemiToto Mevﬁaahtwesmclé‘aiatytaiysu racesdpishenTthe H2@enolecmeismaijthin

adopt rabl |on | 01) plane Wlth the 0X
an orPn%[r?g to?fvar%l%tg %e suﬁ’ace Accor %1(1}8 a;{fbear%I Clrjllaziy pre %?%eg(? ot ca%lym

swiabndheennef trearesentinisvetivorbitwekicha sprofon cdttlySili® usadoule

| r 0 7_Angstrom of
o e O B A B PeBhure
bytiongridgirgcotyebe tvdcie e dipaid gemutthe HXO {0 lemike e s tisorb

Jsidgingaxygen-gfithe gxiede ion. This hydrogen atom may then be
captured by the bridging oxygen and the hydroxyl remnant of the H20

molecule mayadsbrBcHEBOV IREHy RSy daution bitarefivecd wdrocbmrahmay
RIAGESSRCGRAAIRG te thisnialerred amhodinent My, &0 NARsatbS cactive or

number of dissociated H20 molecules adsorbed onto the reactive or 15

calgtuitiesthracedriamanirarsalds tirentinmi B Croge Wssay TRy gon Yesthe
pARgHbeIIdaing O KrauRs ARy dinorRgas DRE JRIMINALLOHHGIOMPS act as
elr;wcatryg 1t1 ((iaorreggsre act as electron donors.

Viz QH ~# 1/2 O, + H +2¢” E°=-1.23V,
Whereas the bridging protonated oxide ions act as electron acceptors.

Viz 2¢" + QH +H —¥# O+ H; E° =-0.00V.

Suitably, the discharge of the terminal OH group may produce oxygen
gas plus a proton. This proton may then be attracted towards a negative OH bridging
group where reduction produces hydrogen gas and an oxide ion, which remains in the
crystal lattice.

The reactive or catalytic surface of the enhanced reactor may be
capable of regeneration. For example, use of aluminium leads to the formation of
ALH,O which can in turn be converted info alumina and back to aluminium by
cathodic reduction, producing a metal. Preferably, carbonaceous molecules ars not
used in the regeneration so as to minimise the production of carbon monoxide or
carbon dioxide.

The reactive or catalytic surface may be provided as a cathode screen.
The cathode screen may perform a catalytic function and is used to facilitate electron

transfer in the system, and has the effect of increasing the rate of the reaction. The
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Viz OH" -' 1/2 02 + H++2e E _ -1.23V. Whereas the bridging protonated
oxide ions act as electron acceptors. 20 Viz 2e"+OH"+It--*0-+H2 E
=-0.00V. Suitably, the discharge of the terminal OH group may produce
oxygen gas plus a proton. This proton may then be attracted towards a
negative OH bridging group where regduction produces hydrogen gas and
an oxide ion, which remains in the crystal lattice. 25 The reactive or

sagtalyiisysuidasesiihoneThancad seasieionaydestanable firegrnriationne
or example, use of a umlnlulréqéeads to the formation of A13H20O which

F
VR it e B UG AN B QW Bk (BBiRRRIEBps Bathggienty
otedtrdtipdirgihe fiomgla: rletabpyaisabhteaatb anagaays molecules are not
used in the regenera 'orbjoggeto%in%se the production of carbon ‘
monoxide of" 30" &S Hisxide HHETEARREH At ARafy it B fele Phis) pees 2
npdvidito disia mathiddelsctern . fofhie:qathotdersefeRnsMay: BRI the half cell

ec%tl 1I in-C function and is used to facilitate electron transfer in the system,
nd has the effect of increasing the rate of the reaction. The 11 screen
may accept electro?idfonthe-#etbpdkitive system and trahsferthese
the -water to a greater rate than would be %ser ed if%e lectr
il .
S e R R T v BT o
fovatbe. Modeqpieferdblyydhrenhirsesbipadter inan atkalineateldwhiohsists of

ide el fort ti f wat
b e A oS R R P i P

ré¢thieigatl electro-chemical equation being coupled with another half cell

reductant f%rlﬁpg}f}m%t'&%gc(ﬁfoﬁg(i{ﬁgﬁg-Bg?(?ér%"%hgq%%%cgﬁe%actor may

cathode consists of 10 platinised titanidim to assist anodic corrosion

Pierebyiiafdinecetetadority afistde fibeiwe adsiedctanthSeitably, the thearstiotions
t%%%ﬂg%m@&%i Qﬁ@%:iﬂﬁ?deae%ﬁ‘é&?tgﬁfam}g RrQeegd at %Qéﬁl%%?@egaﬁ?éewhen

'ue to the heat added by the steam. As the reactions taking place in the
capnaeiedd Reshion suitblylsal anenebe xpipdinsit hRve heams8med by any

eg%@tﬁlﬂﬁ{&dr@&&%%ral@bof%?@p@@é’ hemroducedhan s Gonsymed Bis net

increase in heat may further increase the rate of the reactions in the enhanced reactor.

1t is also preferred that the reactions are selected such that the sum of
the value of residual materials 1n the hydrogen cell at the endpoini of the reaction is
greater than that of the sum of reactants introduced into the cell,

The enhanced reactor of the present invention preferably includes an
associated heat exchange system that can be used to transfer heat from an exothermic
chemical reaction in the cell or control the rate of the exothermic chemical reaction(s).
The heat exchange system may operate by condensing the steam produced by the
direct heating of the water in the aqueous system by the reaction. The heat exchange
system may be used for other purposes (eg, domestic heating) or simply as a way of
controlling the rate of reaction in the generator. It is known that increasing
temperature increases the rate of a reaction.

Larger centrally located units for producing and distributing greater
volumes of hydrogen and heat may use a continuous input of chemicals, introduced in
batch mixtures at regular intervals and from which solutions of the valus-added

products can be removed. The recirculated cooling water may be used to replenish the



10

15

20

25

30

endothermic reactions also taking place in the enhanced reactor. In turn,
this net increase in heat may further increase the rate of the reactions in
the enhanced reactor. It is also preferred that the reactions are selected
such that the sum of the value of residual materials in the hydrogen cell at
the endpoint of the reaction is 20 greater than that of the sum of reactants
introduced into the cell. The enhancetfreactor of the present invention

r ferabyinclugﬁs an, associ eat exchange system that can, be
O SR e e e B Sl Bl R B R el g
higintod bl ratesuftheexdtnerp Nizohenicaktaaction(s). The heat

exchange SYSIer B RIS PXERESNS R . SIEAM PLOBUGE Y Mt

25 direct heating of the water in the aqueous system by the reacti e
fhe geesetinn gerdeysste pndiely aser g el folistrarprsse ooy ovaeistic system

iﬁ%ﬂ 8&%@9%@? m%%&&g%@m@@o&qgggﬂ%%Iaﬁ?%(éfioféz.l@ti%}? ro Uacing

generator. Itis known that Increasing temperature increases the rate o

retretion. selagEngentially |ocatewemityfohafodeitingaatiend iaripgtiag sufficient
Feaer 30 wlymes;af ydregenand hﬁﬂ?%i“%@g@d%ﬁﬁtigéﬁ%% RUtQEond

chemicals, introduced in batch mixtures at regular intervals and from

slasiEepssitivoriabt #ed ViaRdiat et pfBgudadcapcead ctitstenosities hall cell
reckeulated 6erling WRtsHMMNLe MSeki WRleristbiRe ] 2 watar YSediHR 1o

in the production of hydrogen, thus keeping the reaction temperature high
AL BHSTR 1B BYHRSGMEPHGh TSRO AR SSriNG ;A3 eomaming

SpashetheinnapionPraddes advwa PariPracessHorEeneiatingaxdrea88:m
and/or energy, the first part beiré%?a primary reaction system 5 including

RFRASCHL 28 5s B BEdREng ihe et ottel Ve AP TasERRs pradi e mRpitive

hudiegsnisalestinadirsiaiecirapesitygdialbcol fieasiipahaminnia the reactor
sufficient ggtenti_al to drive said electron gPative half cell reaction;

SETERRY SEARBHHORIBETR SEFTe R AL IPYe HATHAT S APSt Eni e SEafar to
eleckenasiivethalb Calkssehctiv s G atestarbineambinmtion yyitashige surface.

electronegatiye half cell reactign to 10 produce an increase in hydrogen
andlor energy U BN T VHRRET-aHEHBS AR TC LA ARk PRBAFocd reactor

reaclipns; Anchtherseserth patiithcidide thetinfroguctibomofsieama supporting
e elevated tem

R . T
Brefgymdtiedde tiarepatiorasy stbsedneth e ditiopiofghe steamise vsietdve to
1% E‘% ecnt)i r%a%’%%%sfﬂg g'gseexrlgg § sragg reactive of catalytic surface.

The reactive of catalytic surface may be or include a cathode surface.

Preferably, the produced hydrogen is capable of forcing aqueous
components of the cell out of contact with reactive solid componentis and into a
holding reservoir, thereby resulting in a reduction in hydrogen and heat production.

The generator of the present mvention preferably includes an associated
heat exchange system that can be used to transfer heat from an exothermic chemical
reaction in the cell or control the rate of the exothermic chemical reaction.

Preferably, sither of the reactors (primary reaction system or enhanced
reactor) of the present invention comprises a pressure vessel, the size of which will
depend on the nature of the application. In the case of say, domestic use in villages,
the unit is engineersd of high quality reinforced polyester that is desirably portable
and robust. A small domestic reactor may include a means for introducing reactants

and a means for removing reactants and/or products as a batch process.
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15 increase the number of dissociated H20O ions at or near a reactive or
catalytic surface. According to a third aspect, the invention provides an
enhanced reactor including: a reaction system which produces hydrogen
from water; a supporting reactive of catalytic surface on which the
hydrogen over-potential is low, thereby increasing the rate of reaction and
subsequent rate of hydrogen generation relative to 20 the rate of reaction

in the absence of Saﬁ*fe?ﬁ?&‘é?iﬁﬁ%@%i?e?é%ﬁgghe reactive of

catalytic surface may be or include a cathoc | ce. Preferably, the
produced hyarsiye snbedinane of ibecivratioestd beotppuibedty Bh tedecaibe

to St RieoRIRCEHL S astivaigolid components and into a holding reservoir,
thereby resulting in a reduction in hydrogen and heat production. 25 The

generator dTESrbsEnt i VERESIE breRsEanyndudiastam agsedideediasedke
seBxchangesystem that can be used to transfer heat from an exothermic
chemical reaction in the cell or control the rate of the exothermic chemical

reaction. PrEfTSDIY, &ither SFmRaiacilny (phinserp relesarBystempspferred

enfBBHAREALLTERCINE B thR-PROSERtINEN RN CAMPHSAR SINIES PHIB O $SRor
the size of which will 30 depend on the nature of the application. In the

is 13eden8 AEEATBTRAR AR BTSSR  the unit is engineered of high quality
reinforced polyestendhales Desiraiibp@takiamesiiepust. A small
domestic reactor may include a means for introducing reactants and a
means for Bfﬁ{??ég r@a@i’a?ﬁ%e%a%s%r%fﬁ@{g yeniione g Rtgageq gnergy

présriefi espipiias sbtheésDrawings. Various embodiments of the invention
will he describe Wil.g r feretnﬁ% to tlfée foIIovv.ing drawings, in which:
Figu Ng@f@g{ pitiea ERE gy B 3 AR QY 5\ 4 BEeRB Ly ention Is an

alla@imices1t uchirs . Usig ureieis mathertiatit flowroiady afacttostréingareduction

referred embodiment of the present invention in which the steam

o B R B SR T A AO BT 2o am omhnced

reactor. Detailed Dés€riptiehoFtR@HrieHtion. 10 Accordingte-dmaspect

of the preseptinvention, gn,eahanced,energy production SYStem s ey

provided. In"a pre%erred em}ao |men€{, Eﬁe cé%?or carrying ou the presen
thénvaintidhy issmnbe coupled with another half cell reductant having an E° value
greater than -0.41 V in order to produce hydrogen. However, the kinetics of the
processes sometimes makes such combinations impracticably slow.

The present invention describes exceptions to the above, which can be
found in the use of binary and ternary hydrides, the amphoteric elements and
electropositive elements in groups one and two of the Periodic Table. In some of these
instances the mesh cathode does not provide galvanic interaction merely acis as a
convenient reaction platform.

The enhanced reactor of the present invention mmcludes a selection of chemicals, which
react with water, the reaction possibly facilitated or enhanced by a reactive or catalytic
surface, The selection of chemicals have a low hvdrogen overpotential, thereby
increasing the rate of reaction and subsequent rate of hydrogen generation.

The relevant half celi reactions are:

2H,0 ¥ Oy + 4 H + de- E°=+0.828 V
2H,0 + 2¢- —* H + 20H E°=-041V
ADDING:
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alkaline cell, which uses an inert mesh cathode to provide electrons for
the reduction of water according to the half cell equation (equation 1)
below: 15 2H20 + 2e' -M' 20H-+ H2 E =-0.41 V This is a well-documented
electro-chemical reaction which theoretically can be coupled with another
half cell reductant having an E value, greater than -0.41 V in order to
produce hydrogen. However, the kinetics of the processes sometimes

makes sucf}ggmbimtjmz impracticably slow. 20 Thgopregent{nvention
t

describes exceptions to the above, which can be found in the use of
binary and ternary hydrides, the amphoteric elements and electropositive

GelRMAanisIRImRURS ANenand- W af spssRrtodisTabie i seme RENESe the

instances the mesh cathode does not provide galvanic interaction merely

oHeRIgR of SRR ARIRRIFE LB BB AT G e Bistiniaa Auidi Gritienary
hitesesbinvantion nehses aisalosianof sherpisals, Whigh s8achwitlo of the
water, the reaction_possibly facilitated or enhanced by a reactive or .
PRGSO AR CHHESEHEEHEN Siechenti iy Hrieof RRpmpdragenc oxyacids
ofgrpateniiphiberebyldncieasiRgihe-sate.afseaction and subsequent rate

of hydrogen gengratjon. The relevant half cel| reactions are: 30 X

PH20-0 02y R PSSk %efl?ﬁ %cﬁ—f’rﬂéé‘iﬁ?ﬁﬁ?“\ﬁs & binary
aiR | dGatA bBis--heOmbidatioa- W28 G anerailys O Naordnora fysHaesic

electropositive half cell reactions involvipng the oxidation of species . , .
o R AT LSUEF O R AaTC AR A OMIBE o fary e i
piyiduties; msiphederinelemenisbelectdopositive elements in groups one

and two of the perlodic fable. and chelated uansiion siments, oxyacds of .

phosphorus ‘and oxyacids™ of sulphur wilFalso take place i the enfrance
nrgaliondna dghlieprefprbéd ebribinatgnsyifieunatifooetbredisetantis ar more

inary_and/or.ter .aryp dride,.in com i ati(%n with an amphoteric element.
G’&C OT1S areja_ Sal101°0 INCICASEea CO-(T a1f)n DUMLHEr, . .
mphoteric elements pretferred include aluminium, zinc, chromium,

gallium and As. fitehiniomes tiyanteatany srefered. half celh atsotiveusedhe
enhanced reactor may require or be assisted by the provision of a reactive or catalytic
surface. The reactive or catalytic surface may be or include a half-cell reductant. The
reductant may be capable of partial or total regeneration.

In a most preferably embodiment, a reductant forms a further reactive
or catalytic reagent, allowing or facilitating further reactions to take place. Suitably,
one or more reductants will form a semiconductive material or molscule.

The reduction of one or more reductants to form the semiconductive
material may preferably enhance the hydrogen production as the semiconductive
material can catalyse further reactions in the enhanced reactor. Suitably, further
exothermic reactions are catalysed.

The reactions taking place in the enhanced reactor may proceed at an

~ increased rate due to the heat added by the steam. As the reactions taking place in the

enhanced reactor suitably have a net exothermic value when considered together,
more heat may be produced than is consumed by any endothermic reactions also
taking place in the enhanced reactor. In turn, this nst increase in heat may further

increase the rate of the reactions in the enhanced reactor.
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The reductant in the first electropositive half cell reaction may also be a
metal organic complex capable of changing configuration to release one
or more electrons in a realisation of an increased co-ordination number.
15 As stated above, the reaction system or half cell reactions in the
enhanced reactor may require or b%assisted by the provision of a reactive
or catalytic surface. The reactive orcatalytic surface may be or include a

half-cell regyctant. They {&@t&@f‘ﬂa@ﬁ}’e&%ﬁ%’i’l@oﬂf T %Elﬁt%lg}lude an

. i C.
regeneration. In a most preferably embodiment, a reduc &nt forms

asspigiet healcavenao Frital/fiel wagehusafiowingneforltitalion fartirethermic
chéRAGHIBS IR AaKEIRIACE. P LHARY 1818 Ob MBESLRAMGAN ST I R R tion(s),

semiconductive material or molecule. The reduction of one or more

reductants ¥BociRaReed R AESh AL EAVE SRRt A iy plstdvedsne e neasiised
cafR:NPary productionaasithe;semigandugtive, materiabaan Gatalyshe cen

further reactions in the enhanced reactor. Suitably, further” 25 exothermic

out ok caBirs vl pgiyeadiveiialid seree sals R b kabe drheidiamrrapicel. o this
wakC A QmAIAY-R'R%RESH 3luaBe: e asEddRinaHE- Y i heal Adaed P ARR the

steam. As the reactions taking place in the enhanced reactor suitably

BqYFRYE SORROERBH itV ATHE WHBH R SRTRYF1SaEtRe P s i néxtioesp i

préR @O dueed thatsicconsumad by aRY-NEQHertis Bacions alserdlurised
taking place in the enhanced yeactor. In turn, this net increase in heat may
ot THETRRSEHIEIARS G HHATAR ToRIFPHRE BFMARCEE: rDACIOR SEPePRas

drénhanterreastarofithe pieskniilnveantionr \Wikhgene alypnabdadbome back
. associated, heat exchange system that can be used to transfer heat from
i RS AF ST PRSI i RGP OB B oS gy o
caexethermied bamic dareiaeiian(s) daihbenhdweed seactorimianfigutadion to
such that the hydrogen produced 5 can.build up to a pressure such that it
reg e e R i SR TS B S b R eted

eI,
€ agqueous componen

basedotihesatiduco mpoy@ntsapobduttianheidingdeservoir. In this way, the

enhanced ﬁel%ctggt%%gebe made %%Icf) regulatln -hydrogen is progucsed vggllgo

CTEEN | a . 1¢ clion ar 18
the aqueous componenfs are IPI contact Wl?ﬁ reactive SO|?8 , But as

fadtigahy dissgren isaymieducd theieay wed bsctmplhents aedoing thawsay of the
fram the solids by pressurised 10 hydrqgen, thereby. resulting in a

R R

thgpegstire istelbasateaiowiteghitreweild besobsenpohidiits ©ecumetiaaster was

only occurring directly from the electropositive system to the water.

The enhanced reactor preferably contains a heat exchange coil through
which water is recirculated to condense the steamn within the reactor and thus remove
the heat produced during the exothermic reaction, Raschig rings may also be used in
the volume above the reaction area to condense this steam back into the reaction itself.

In another preferred form, the invention provides a two part process for
generating hydrogen and/or energy, the first part being a primary reaction system
including the sub-steps of selecting an electronegative half ceil reaction producing
hydrogen; selecting a first electropositive half cell reaction having a sufficient
potential to drive said elecfronegative half cell reaction; selecting 2 second
electropositive half cell reaction; said first and second electropositive half cell
reactions selected in combination with said elec%roﬁegative half cell reaction to
produce an increase in hydrogen and/or energy production from water; and combining

said half cell reactions; and the second part including the introduction of steam
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into contact with the solids and causing the reaction to recommence. The
hydrogen can be removed either batchwise, as described above, or in a
continuous fashion to regulate hydrogen production. The reactor size and
configuration can be selected 15 based on the amount of hydrogen
production required. The cathode screen performs a catalytic function and
is used to facilitate electron transfer in the system, and has the effect of
increasing the rate of the reaction. Ti¥e screen accepts electrons from the
p%%cct%positive system and l‘igl‘ransfers these to the water to a greater rate

otid%B% oo e SISkEP i neieripdstom emis cerringositive

paisectyrftom i electr appaiiversysie mpsrthe WaIRE. LB L AINRAGE dne reactor

reactor preferably contains a heat exchange coil through which water is
SR HTALE 45 0 oA S EHBal JRfPah S REAGR St (Binestor (o

ijecwcu

inttreshie dipnaditee b Hding: titedeathrImia: /6 AGHN, RASSHONIBUSIRRYAIS:.,
usef in ,the.volume above t % eaction area to condense this steam

AR AR SN 2 RetpP e StHel~prETeTFed form, the invention
provides a tinotpagrpratesetiicgrmerating diydage vandiohaparya thed its

d{[;il_ris%t 195§ lﬁ%ﬂgih% ';j:%%{ rs(?e%ptio §é/stem in,clu%%%the sub-steps of .
alacting an electronagative hatt c&irfEaeton' A AY o Gited integers

buekelectingt & nstleldotiopbsituehalt celhmeacfiothbaiingassufficient

potential to gr aid electronegative half.cell reactign, selecting a sgcongd
30 electropc?}s%tk:e\%gﬁglf&géﬂlggg% ?(r)%ds g |%phlfg? %%%1%08% ?E?HB%W‘E an
enbifdceitnte actionstsal ecpediniieo febingdj strudthrepia elecitonpgatisdinléd in
jon t ir in:hydrogen and/or ener
e oo Pl e o pgrosen
insgabpil paivc titingptiverimgo duction pifratearfiit Gompranhiseiiame or “in an
Senduet il i mperature and a positive .
631%§e.ssu rg ?n'% %&?aﬁ%?%%ﬁ@ﬁ%%ﬁ ngg%{(#%i%%o%faﬁwgengagreﬁﬁsggalé’dan
rqf@qmrﬁa@wa%@émhw%ta&ammmmethmmwm@bymammm or
Rl e eadahimdnsieast e mas A isiosialed B ans Al
or near a reactive or catalytic surface. 5 All no values herein are relative to
a hydrogen %f@‘?éﬁé@nﬁ‘f tﬁfeﬂpr@seﬁ%ﬁ@cﬁp@amm diaintsethdasaitied in
lafREMISIBEE 3pddls detlyalivesdnelAing COMBHSHSa R A FRMPHSS: 1o be
include each of the stated integers but does not exclude the inclusion of

uggrasioh dhatihenermideR 8. IR IERs réetth Apegifsucriissspiotisasio dagstibed

| siREQHRMRGAIMRALIOHbed comprises preferred forms of putting the invention

into effect. The invention is, therefore, claimed in any of its forms or modifications
within the proper scope of the appended claims appropriately interpreted by those
skilled in the art.
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10 embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiment is included in
at least one embodiment of the present invention. Thus, the appearance
of the phrases "in one embodiment” or "in an embodiment” in various MCSLLP
places throughout this specification arg ot necessarily all referring to the
same embodiment. Furthermore, the particular features, structures, or 15
@ﬁ%gscteristics maybe combined in any suitable manner in one or more
combinations. In compliance with the statute, the invention has been
described in language more or less specific to structural or methodical

features i {s.fo-H8! ﬁd@ﬁgg?%m@&?@n' RYERIPTIS MLIIHRY 19,8P8Rli ules at

features shown or described since the means herein described comprises
QsragarrRdeRsNG OF et araniisenthsnsyead aTieg I dspertdhedirst reactor

gharefopantiaimedinany el itsiarme Rumadifications withigthePER fonegative
scope of the appended claims appropriately interpreted by those skilled in

S R profinginginadregintiicatBdIfi ekstiRpprtitisigh cell reaction
imystemfaesissocigiingHaQneleqelesiat ohinedearaRGIVR OMataliCeaction;

surface, the system having twa reactors, the first reactor 5 being a primary

Yderdtishosyrsin RatineRidecthrlistellsortian s Aitemd ermadatloeropositive
hatepllsgartionspreskicina:-byiaaes salacing adisselestrrprgitivainaliction to

cell reaction having at least a required paotential to drive said

RERSRE M GERRA AT QI CREERY R OWSHAR AP SRR SR BB s Hd Palf cell

reeliaactian;thaisksnanacsacpieeliesiaposii\e inabGRiveaehanproduced as a
selected in combjnation with S%Jg electronegative half cell reaction to 10 |

BBt BGRB8 ARy YA IBRBIHOHS Wade?, RS G R nto the

sseishdadherl, vaasipnsnand theseeond seastarriactading theagitiddf of the steam
introducing steam produced as aR}tg-product of the first reactor at

TR RPAEY Tt RV ERR T A OS R PrACSRS R L S 8LT8 reactor,

wherein energy added to the second reactor by the addition of the steam

IS used by reaction systems in the second reactor as activation energy. 15

L VRO B GG ) AT AT NEE At SHEFEI e esbgrasscem
gysitheetrrbalfical reagions teeuleawsdahe assigteditiyihst preadsior ok aatalytic
Srlg_?géve or catalytic surface.

3. An energy production system according to claim 1 wherein the reaction system
includes one or more electropositive half cell reactions involving the oxidation of
species selected from Group I or Group II metals, binary hydrides, ternary hydrides,
amphoteric elements, electropositive elements in groups one and two of the periodic

table and chelated transition elements, oxyacids of phosphorus and oxyacids of sulfur.

4, An energy production system according to claim 1, wherein the reaction system
includes one or more electropositive half cell reactions involving a metal organic
complex capable of changing configuration to release one or more electrons in a

realisation of an increased co-ordination number.

5. An energy production system according to claim 1, wherein the reaction system

includes the formation of a semiconductive material or molecule.
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20 3. An energy production system according to claim 1 wherein the
reaction system includes one or more electropositive half cell reactions
involving the oxidation of species selected from Group | or Group |l
metals, binary hydrides, ternary hydrides, amphoteric elements, MCSLLP
electropositive elements in groups one, nd two of the periodic table and
chelated transition elements, oxyacids of phosphorus and oxyacids of
LT (2000 SNIRIOIHALION SYSIAM, A50IHING A ALY AR haucive
he reactich s%tgm incILASS one or more'e ectropositive half cell
resotidns invbiving ia avetaposiametatshptaxdapable of changing
configuration to release one or more electrons in a realisation of an
increased co-ordination number. 30 5. An energy production system
‘accordiny toaigimplodvteainsirdereastiondpsiein dadludds tethsimagbuiing an
a%fs88§a%aa'%%aﬁe>€$&¥& %95{%9{@&%%@-&%%%&1&@1@% ORI exothermic

production system according to claim 5, wherein the semiconductive

chenarial waetotetuilboisedl corpposndhnatsial exorvarinehymslagasgyn(s)-
production system according to claim 1, further including an 5 associated

heat exchange system that can be used to transfer heat from an
Bxothefmicnenamigsideiiaioryaten: eencsiiagn(ivl thimatb ofBtsiethficstep of
%%’%ﬂ%ﬂlg CACHONE L8y AUERRIBNAIRAULHPY PYSIEN reHngSIAe!alt energy

erein the step of introducing steam at elevated temperature and a

iositiveophessartors Whersitadastoy aGhesueTatordiisddachsrranpisrailsiem by the
PREIQR ethe-energy Rdded tedhedeastonsysiamibyibeaddiion ofithigiae H0

steam Is used by reaction systems in the reactor to dissociate H20
mdksalde stargreararereixe e alaa s e e SR B BRoWA.
motion.



